Novices can be quickly and easily taught to ultrasonographically measure optic nerve sheath diameter as a noninvasive surrogate for intracranial pressure. One intensive care unit senior medical officer, one junior intensive care unit registrar, one junior neurosurgery trainee and two registered nurses, all ultrasound novices, were given a four-hour workshop on how to measure the optic nerve sheath diameter with ultrasound. One week later they had the accuracy of their technique assessed by recording their measurements for both eyes of 12 healthy volunteers. Each eye was measured three times and the average and 'best' measurements were determined. The median, 5th and 95th centiles and standard deviation for intra-observer variation were calculated. Median, 5th and 95th centiles for inter-observer variation were obtained by comparing each of the novice operator's measurements with those of an experienced sonographer. Median intra-observer difference was ≤0.27 mm, standard deviation ≤0.46 mm and 95th centiles ≤1.19 mm for the five novice operators. Comparing the average of three measurements for each eye, median inter-observer difference for all operators was ≤0.42 mm and 95th centile values ≤1.15 mm. Using the single 'best' measurement for each eye, median inter-observer difference was ≤0.3 mm and 95th centiles ≤1.43 mm. Ultrasonographic optic nerve sheath diameter measurement can be taught to novice operators in a four-hour workshop with variation comparable to published results collated from 'experts'.
Raised intracranial pressure (ICP, >20 mmHg) is associated with increased morbidity and mortality in traumatic brain injury due to the risk of a secondary ischaemic insult. Intracranial hypertension is equally undesirable in non-traumatic conditions such as stroke, meningitis, encephalitis, liver failure and postresuscitation syndrome following cardiac arrest [2] [3] [4] 20, 22 .
Both in vivo and in vitro studies have shown that intracranial hypertension is associated with dilatation of the optic nerve sheath, as measured by ultrasound or magnetic resonance imaging 12, 14, 20, 22, 23 . The optic nerve sheath is a continuation of the dura mater and as a result the intracranial cerebrospinal fluid also percolates between the optic nerve and its sheath 2, 3, 5, 7, 16, 18, 20 . In addition, it has been demonstrated that there is a direct communication between the subarachnoid space of the optic nerve and the chiasmal cistern of the brain 18 . Raised ICP forces cerebrospinal fluid into the optic nerve complex resulting in dilatation of the optic nerve sheath.
Intra-ventricular catheters and intra-parenchymal transducers are considered the gold standard for measuring ICP clinically 2, 4, 5, 18, 20 . However, an accurate non-invasive monitor would be preferable. Ultrasonography is a diagnostic modality increasingly used in the intensive care unit (ICU) and emergency department environment. Ultrasound measurement of optic nerve sheath diameter (ONSD) could provide a rapid, simple, safe and accessible diagnostic tool for determining the presence of intracranial hypertension [1] [2] [3] [7] [8] [9] 11, 13, 15, [18] [19] [20] [21] . Although not a continuous monitor, it can be used repeatedly at the bedside and remote locations without significant inconvenience to operator or patient, which may prove invaluable in the triage and management of patients in remote locations and disaster areas. It may also be useful for ongoing assessment of critically ill patients in tertiary centres, especially for those patients who are too unstable to be transported to the radiology department for computed tomography or magnetic resonance imaging.
Ultrasonographic measurement of ONSD has been performed for over 10 years 20, 22 with the upper limit of normal in patients four years or older identified as 4.5 to 5.0 mm [1] [2] [3] [7] [8] [9] [10] 13, 14, 18 . Previous studieshave already demonstrated this technique to be a reliable diagnostic tool for raised ICP when performed by experienced clinicians and radiologists 2, 3, 18, 20, 22 . Studies performed by Geeraerts et al 3, 4, 20 identified 5.7 to 5.8 mm as a cut-off ONSD value that could exclude a raised ICP with a sensitivity and negative predictor value of >90%. If the ONSD was <5.7 mm, the probability of an ICP >20 mmHg was <5%.
ONSD measurement is not routinely undertaken by intensive care clinicians in our institution, a 13bed ICU that serves as the tertiary referral centre for all neurosurgery in North Queensland. The stated reason for this is that they do not feel confident in their ability to consistently and accurately measure ONSD.
Ballantyne et al 1 , authors often cited in ONSD literature, used one experienced paediatric consultant radiologist and two radiology trainees to determine observer variation of ONSD measurements in normal adults. After they examined 17 patients, all three operators underwent revision of their measurement technique. Following this they examined an additional 50 patients and compared the results with those of the initial 17. Of note is the significant improvement of their accuracy after technique revision and measurement of 50 more patients ( Table 1) . It was the aim of our study to demonstrate that novices can be taught, with a single training session, to measure ONSD with accuracy comparable to Ballantyne et al after their first 17 patients.
METHODS
The equipment used to obtain the ultrasound images was a GE VIVID-I machine with 7.5MHz linear array probe, the same frequency as the probe used in the study by Ballantyne et al. The literature concerning ONSD emphasises the importance of a standardised measurement technique 1, 6, 11, 13, 14, 16, 18, 20 . Therefore the ultrasound technique used in this study was a replication of the one described in detail by the excellent review on this topic by the aforementioned Geeraerts et al 4 . As a result, our measurements of the ONSD were made in the visual (horizontal) axis with each subject lying supine, the upper body elevated at a 0 to 30° angle and the head in a neutral position. The subject was then asked to keep the eye fixed in a neutral position. Image depth was adjusted to 4 cm and the probe coated with coupling gel. This was then placed horizontally over the temporal aspect of the closed upper eyelid with the probe indicator pointing to the patient's right. Initially the probe was angulated superiorly followed by slow inferior angulation until a clear ultrasound image of the orbit and ocular nerve was obtained. The focus was set appropriate for measuring the ONSD (2 to 3 cm). Near and far gain controls were set neutrally. Measurement is made at precisely 3 mm behind the globe where the sheath is thinnest and most easily distends with increases in ICP 5, 14, [16] [17] [18] 20 . This position also provides the best resolution to allow accurate measurement of the ONSD 16 . In the centre of the sheath the optic nerve fibres are hypo-echogenic and are surrounded by four layers. The first is a thin echogenic layer of pia mater followed by the hypo-echogenic subarachnoid space, containing cerebrospinal fluid. A hyper-echogenic layer of dura mater (optic nerve sheath) forms the next layer followed by a layer of peri-orbital fat. The ONSD is measured as the perpendicular distance between the two layers of the dura mater. It is critical that these can be clearly identified. This corresponds to the first clearly visible black/white interface outside the optic nerve ( Figures 1 and 2) .
The authors gained experience in the technique under direct supervision of two senior sonographers experienced in ocular sonography. Over a period of approximately one month, this group of 'instructors' became sufficiently familiar with obtaining 2D ultrasound images to make reliable, consistent measurements of the ONSD. Following approval by the Townsville Hospital Ethics Committee, a group of five volunteer novices consisting of an ICU senior medical officer, a junior ICU registrar, a junior neurosurgical trainee and two registered nurses were enrolled. The only experience any of the members of the novice group had with ultrasound equipment was that two of the group had some limited experience using ultrasound to facilitate vascular access. None of the novices had prior experience with ultrasonic ONSD measurement. The novice training session consisted of a focused four-hour practical session teaching the abovementioned technique on healthy volunteers who had no history of ocular disease. The four-hour session consisted of a 30-minute lecture describing globe and orbit anatomy, the abovementioned ultrasound and measurement technique and finally a real-time demonstration of how to obtain ONSD measurements. The novices were then supervised performing the measurements on volunteers with three instructors circulating amongst the group. The emphasis of the session was on repetitively practising the technique rather than the 30-minute theoretical lecture. The volunteers were repeatedly urged to report any discomfort or pressure, other than gentle touch to their eyes, during both the training and assessment sessions. This was to ensure safety as well as accuracy of measurement since excessive globe pressure may result in eye injury and/or raised intraocular pressure. Each novice acquired at least 20 images of sufficient quality to enable measurement of the ONSD. At the end of this session, the opportunity to perform a further five examinations was offered to each novice. Three operators made use of the additional tutoring and following this, all stated that they felt confident in image acquisition and measurement of the ONSD.
The five novices and the most experienced sonographer were then tested one week later to determine the precision of ONSD measurement among the group. A priori power calculation indicated that 23 eyes were required for this determination to be made.
A set of three measurements was performed on both eyes of 12 healthy volunteers (total of 24 eyes). Each operator recorded which of the three measurements in each set they considered to be the best. The 'best' and the average measurement could then be compared with those of the sonographer, whose measurements would be taken as the 'gold standard' for the purposes of this study. A total of 432 ONSD measurements were performed.
To minimise bias, none of the operators was informed about the normal ONSD value and we requested them not to acquire any additional information about the topic other than that provided by the research team. The operators were also blinded to the value of each ONSD measurement that was displayed on the screen and could only see the measurement calipers and not the associated measurement value. In addition, given that there may be a similar appearance between both eyes of one volunteer, we ensured that no operator immediately examined the second eye of a pair, prior to measuring the ONSD on a different subject first.
STATISTICAL ANALYSIS
In order to largely compare our results with Ballantyne et al (Table 1) , we analysed our data in a similar fashion.
Intra-observer variability
For each operator we calculated the average of their three measurements for each eye. The difference between each of these three measurements and the corresponding average was then calculated. Repeating this process for all 24 eyes, the median, standard deviation and 5th to 95th centiles of these differences could be determined for each operator ( Table 2) .
Inter-observer variability
The average of the three measurements obtained by each operator on each eye was compared to the corresponding average of the sonographer. This process was repeated for the single 'best' measurement on the same eye. The difference in measurements between the individual operators and the sonographer for all 24 eyes were expressed as median and 5th to 95th centiles (Tables 3 and 4 ).
RESULTS
Measurements were successfully obtained from all volunteers. There were three males and nine females, aged 13 to 55 years old. All results are summarised in tabular form. The range of ONSD measurements was 1.30 to 5.50 mm, with mean values of 2.70 to 3.10 mm ( Table 2 ).
The median intra-observer difference was <0.20 mm in four out of the five novice operators (0.13 to 0.18 mm) with operator 5 obtaining a value of 0.27 mm. Ninety-fifth centiles were all between 0.41 to 1.19 mm (compare Tables 1 and 2 ). The standard deviation of repeated measurements was 0.46 mm for operator 5 and 0.37 mm for operator 6, for the rest all were <0.30 mm (compare Table 2 with Geeraerts et al).
Using average ONSD of each eye, the median inter-observer difference between operators 2 to 4 and the sonographer was ≤0.30 mm (0.21 to 0.3 mm). For operators 5 and 6, the values were still <0.6 mm at 0.42 and 0.33 mm respectively. All 95th centile values were <1.5 mm, ranging from 0.41 to 1.15 mm (compare Tables 1 and 3) . Using 'best' measurement for each eye, the median inter-observer difference was ≤0.30 mm in all five novice operators. All 95th centiles were yet again <1.5 mm, ranging from 0.58 to 1.43 mm (compare Tables 1 and 4 ).
DISCUSSION
The measurement of ONSD by ultrasound has been well described in the medical literature 1, 2 . Most studies have concluded that this method has adequate sensitivity and specificity to make it a useful investigation for diagnosing intracranial hypertension. To our knowledge this is the first publication addressing the practicality of training novice ultrasound operators. Ultrasound machines are increasingly available in the ICU environment. In order to gain widespread acceptance of ONSD measurement as a valid non-invasive indicator of raised ICP, intensivists and neurosurgeons would need to have familiarity with the technique and confidence in the reliability of the measurements. This study demonstrates that the technique can be taught to ultrasound novices in a four-hour training session, utilising only resources available at our institution. We have compared our results with those of two other sets of authors who have demonstrated benchmarks for operator measurement variation (using ultrasound experts) in the literature. The results of Ballantyne et al 1 are summarised in Table 1 . Geeraerts et al obtained a standard deviation of repeated measurements <0.3 mm 20 . Only two of our operators had standard deviations of repeated measurements >0.30 mm (0.46 mm and 0.37 mm). Of note is that these two operators are registered nurses in a medical ward who had never operated an ultrasound probe prior to this study. All of our operators achieved median intra-observer variations similar to those of Ballantyne et al 1 after their initial group of 17 patients. In addition, all five operators achieved inter-observer variations (median and 5th to 95th centiles) similar to or better than those of Ballantyne et al after 17 patients. Surprisingly all our operators' median inter-observer variations for average and especially 'best' measurements were similar to those of the final 50 patients of Ballantyne et al.
The least accurate of our novice group's measurements (operator 5) would not have resulted in any volunteer being erroneously classified as having a raised ICP (i.e. ONSD ≥5.7 mm). Ninetyfive percent of that operator's average and 'best' measurements differed by <1.15 mm and <1.13 mm respectively from those of the experienced sonographer, whose range of ONSDs was 1.9 to 3.7 mm.
STUDY LIMITATIONS
This study was undertaken to determine whether this technique was easy to learn and could be performed on 'normal volunteers' only. The authors thought it inappropriate for novice operators to measure ONSDs in patients with raised ICP prior to evaluation of the safety and proficiency of their measurement technique. As a result, the authors intend a follow-up study where the same operators will be used to measure ONSD in ventilated ICU patients who may have raised ICP.
This study also looked at the ability for a novice to learn how to measure ONSD and retain the ability for one week only. Obviously, depending on the frequency of ONSD scanning that is performed, a clinician may go more than just one week between scans. We intend to follow this study with a repeat testing of the same cohort of novice operators, six months from their original teaching session.
CONCLUSION
Our study demonstrates that novice operators can be taught in a single, supervised training session to measure ultrasonographic ONSD in healthy volunteers. Our results demonstrate an acceptable clinical precision and accuracy comparable to an experienced ultrasonographer. In addition, our results are consistent with the accuracy achieved in published benchmark papers. We plan to test the same operators for accuracy in determining ONSD in a population which includes those with raised ICP. In accordance with the current literature, we would advise against measuring and interpreting ONSD before appropriate training and evaluation of one's proficiency has been undertaken. Fortunately our study indicates that this technique is easy to learn and reproducible across a range of operators.
